
the unevaporated sweat of about 12% whIch corresponded to their increase in

total SR resulting from acclimation.

Insert Figure 4 about here

The fact that the women did not significantly increase their SR with

repeated exposures to humid heat agrees wIth observations by other lnvestl-

gators. Wein man ~~ ~~~. 
(21) found that females repeatedly exposed to humid heat

demonstrated no increase In SR while the men experienced a 41% increase In

sweat output from Day 1 to Day 10. Wyndham et al. (24), however, reported a

36% increase in the SR of women acclimated for 10 days to humid heat

compared to the 50% increase found for men. One of the differences between

these two studies was in the initial physical fitness of the subjects. Weinman ~~
al. tested relatively fit women while Wyndha m’s group used sedentary females.

It may be that the ability of women to increase their SR as a result of

acclimation to humid heat is a function of the initial fitness level of the

individual. Sedentary women may increase their SR more than active women

when repeatedly exposed to humid heat. Our results support the findings of

• • Weinman, et at (21) in that the fit women did not substantially increase their SR

with acclimation. Men, on the other hand, may experience an augmentation of

sweating regardless of training state since when men were first trained and then

acclimated to humid heat, a 30% increase in SR was evident (13).

Inasmuch as women can perform the same amount of work as men with less

loss of body fluids, they may have a physiological advantage In the hurnl,d heat.

Slrive blood is diverted from splanchnic vessels during heat exposure (17) and

absorption from the Gi tract thus reduced, fluid lost as sweat may not be

completely replaced by water Ingestion. The decrease In body fluid would be

_______ 
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reflected In the vascular compartment by a reductIon in plasma volume. As the

plasma volume Is diminished, venous return will be reduced and stroke volume

would decrease thereby producing a reciprocal Increase In HR. b~deed, prior to
• acclimation , the men in this study demonstrated HR’S 15-20 bpm higher then the

women’s despit. the sImilarity of the exercise-heat routine. Alter aedilmatlon,

when the fluid compartmental shif ts are accomplished mare readily and the fluid

gained is retained for a longer duratIon (20), the men demonstrated comparable

HR’S to the women’s. However, after 90 mm , theIr HR began to rise steadily

throughout the duration of the exposure so that the men terminated the three-

hour test with a HR which was 10 bpm higher than the women’s. This again may

have been the result of large fluid losses as sweat during the exposure which

could not be adequately replaced through ad lib wate r Ingest ion.

The results of this investigation demonstrated that the latency period

before onset of thermal sweating did not change with repeated exposure to

humid heat (Table 2). In addition, the core temperature at sweat onset was not

lowered significantly following acclimation. Sweat onset at a lower Tre and

Tear after acclimation may have merely been a reflection of the reduction in the

resting core temperature as a result of acclimation and not actually a change In
- 

• the threshold for thermal sweatIng. This is supported by the findings of Subjects

F-3 during post-OV and M-4, both of whom exhibited the largest drop In Tear at

sweat onset while also showing the greatest decrease In their resting core

temperatures following acclimation.

The slight change In core temperature at sweat onset noted In thIs study

may have been a consequence of the fitness of the subjects. It has been reported

• that sweating begins at lower core temperatures In trained, as opposed to

untrained, individuals (7,10).

It is also possible that a change in the latency period and/or core

_ _  
_ _  •_
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temperature at sweat onset may have been masked by the Individual variation

among the subjects. With only four subjects in each group, statistical signifI-

cance could be difficult to demonstrate.

Role of Fitness In Response to Heat. One rationale behind choosing nonseden-
• tary subjects for this study was to control f o r  any training effects resulting from

the daily walks in the heat and thus to separate the effects of progressively

Increas ing fitness from the responses of repeated exposure to heat. Fit

indIvIduals would be expected to react with less physiological distress than

untrained subjects when exposed to acute heat stress (6,7,9,10,16). ThIs

favorable reaction Is thought to be related to the more stable cardiovascular

system (i.e., a higher stroke volume and lower HR at any given oxygen

consumption) and the enhanced sweating for a given change in body temperature

which occurs as a consequence of training (7,9,14).

Although the aerobic capacities of the subjects in this study were similar,

there was much variation in the tolerance times of the subjects during the initial

exposure to heat. The tolerance of individua ls to heat , therefore , is probably not

simply a consequence of absolute values of aerobic capacity. For example, in a

study comparing long distance r unners with trained men having the same
• 

- V02 max, the runners maintained lower HR’S and Tre’S while performing the

same work load in the heat (10). The discrepancy was thought to result from the

extensive training of the runners at high rate s of ener gy expenditure for one to

two hours per day for several years compared to the short duration of the
• training program Involved in theIr study. None of the subjects In the present

study, however , were Involved In any extensive trainin g program other than their

• • routine of jogging, cycling, racquetball , etc.

In general, it appeared that before acclimation , the women, partIcularl y

when tested during pre -OV, were more heat-tolerant than the men despite the

_ _ _ _  
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similarity of the combined metabolic and external heat stress (FIg 0. ft may

have been that despite hiving similar maximal aerobic capacities, the women

were relatively more fit than the men. The women with their mean mix of

51 ml . kg~ . mm 4 could be regarded as having a high fitness level while the

men appeared to be on the borderline between good and high levels (I). Since the

V02 max of women Is some 15% lower than men (2), it follows that when men

and women of similar V02 max are compared, the latter would be 15% more fit.

The relatively more fit women would have a physiological advantage during

exercise in the heat due to a more stable cardiovascular system which could

maintain adequate transfer of heat to the periphery while delivering sufficient

quantities of oxygen to the working muscle. The lower HR of the women during

the Initial heat stress test (FIgure 1) suggests this to be a strong possibility.

Although the greater tolerance of 
- 

the women during the initial heat

exposure has been attributed to a relatively greater fitness level, it shou’d be

noted that the men in this study had a significantly higher V02 max than the

women. In addition, there was no difference in the V02 max of the men and

women when related to lean body mass (64.7 and 64.3 ml ‘kg~ • mIn 1 respec-

tively). Paolone, et al. (15) recently indicated that fit women may react more

favorably to acute heat stress than comparably fit men. Men were found to have

less eff ective evaporative cooling, as measured by reductions in h Evapora-

tlon/ A T re from neutral to warm environments. Additionally, the men in-

creased their V02 in the heat over neutral conditions relatively more than the

women, while the women had a greater Increase in HR. The authors suggested

that the women responded to heat with a greater component of cardiob~ascular

regulation. This increased reliance an vasomotor adjustments was apparently

less physiologically costly than Increased dependence on evaporation sinCe the

women did not demonstrate such large Increases in metabolic heat production as

• dld the men. 
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Elf ect of Menstrual Phase. There were no significant differences attributable to

menstrual phase In any of the measured parameters. However, core temperature

and HR’s tended to be slightly higher and SR’s slightly lower during post-OV in

the Initial heat stress test. The higher Tre at 90 mm could be explained by the

higher resting core temperature during post-OV (Fig I). The apparent higher HR

evident during post-OV may be explained by the lower plasma volume found after

ovulation (22,23). A lower plasma volume would necessitate a hIgher HR to

maintain an adequate cardiac output In the face of the diminished stroke volume.

Conclusions. b~ conclusion, it appears that previously reported sex-related

differences In tolerance to heat may have been a f unction of the initial physical

fi tness of the Individu al. When fit women with comparable ADIwt ratios as fit

men were exposed to an acute humid heat stress, the women maintained similar

core temperatures and lower HR ’S than men with less loss of body fluids as

sweat. Since the ambient temperature of the experimental environment was

very close to 1’~ , exchanges by R+C were negligible. Therefore, for the same

required evaporation the men secreted considerably more wasteful sweat. r
Successive exposures w the humid heat reduced the HR and Tre in both men and

women but did not affect as substantial an increase in the SR of women as was
• 

- evident in men. Before acclimation, menstrual phase did not appear to

significantly affect HR responses in the women. Rectal temperature, however,

was slIght ly higher , SR lower and tolerance time less alter ovulation as

compared to before. Acclimation served to eliminate all the physiological

differences noted in the initial heat stress test between men and women and

between menstrual phase.
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FIgure Legends

• Fig I. Time course of rec tal temp erature (Tre)
~ mean skin temperature

(Y~) and heart rate (HR ) for men and women during the pre-ac cllmation hea t
stress test .

Fig 2. Comparison of the half hourly sweating rates (SR) for men and
women before and after acdlimati ona For the pre -acclimation test, the 1.5 and
2-hour value does not include the da ta for M-4 or for F-3 durin g post-OV. The 2-
hour value also does not include the data for F-4 durin g both pre- and post-OV.
The 1-, 1.5- and 2-hour values for the post-acclimation test were significantly
higher than the pre-acdimat ion SR’S for the men. Both pre - and post-OV women
had significantly greater SR’S after acclimation at 1.0 hour only. Dur ing pie-
acclimation , the 0.5- and 1.0-hour SR was higher for men than women, while
after acclimation , from 0.5 to 2.0 hour , man had significantly great er SR’S
(p<005) .

Fig 3. Time course of rectal temperature (Tre)
~ mean skin temperature

and heart rate (HR) for men and women duri ng the post-accli mation heat
stress test.

• 
- Fig 4. Comparisons of mean sweat rate , evaporation rate , and rate of

unevaporated sweat production f or men and women before and aft er acclimation.
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